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(57) Abstract: 

PURPOSE: To obtain a rubber-reinforcing steel cord 
stable in rubber infittrativity, easy to handle with its 
extension under low load suppressed at low levels and 
also easy top process in tire manufacturing operation, 
and high in fatigue resistance and rigidity owing to its 
ultra-high mechanical strength and good toughness, thus 
effective for achieving lightweight radial tires reinforced 
therewith. 

CONSTITUTION: This steel cord is an open-laid (1x 
3)-structured steel cord and made up of three wires each 
of which is made of a carbon steel wire 0.80-0. 89wt.% in 
carbon content and has the tensile strength before laid 
satisfying a value: -200d+400kgf/mm^ or greater and 
presents <7% in torque depression rate determined by 
such a torsional torque test as to apply one-way torsion 
followed by reverse torsion on the wire. One of the wires 
has a preforming or postforming rate of 95-100% and the 
other two 120-145% on average. 
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* NOTICES * 

The Japanese Patent Office is not responsible for any 
dcunages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRJPTjO N 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention relates to the radial-ply tire which used the steel code and this which are used for 

reinforcement of the tire for automobiles, the belt for conveyance, etc. as reinforcing materials. 

[0002] 

[Description of the Prior Art] Conventionally, the steel code which twisted two or more strands as reinforcing materials is 
used for the belt section of the radial-ply tire for automobiles. It is required that this steel code serves as the complex 
which pasted up still well between a code front face and rubber, and rubber permeated well to the interior of a code, and 
was moreover enough pasted up between a code internal surface of parietal bone and rubber although high intensity and 
high endurance were demanded. If a tire breaks in the piece of a stone metallurgy group, a blemish is attached and this 
blemish reaches during a vehicle run even at a steel code, although water will permeate from this blemish and the ground 
will rust a steel code When the centrum by which rubber has not permeated the interior of a steel code is continuing, it is 
because water spreads this centrum, rust spreads, the separation phenomenon between a code and rubber occurs in a tire, 
the function of a tire is reduced greatly or the life is reduced. 

[0003] Conventionally, as a steel code for the radial-ply tires of a passenger car, the Ixn structure (1x4 and 1x5 occupy 
the large number of people especially) which twisted 3-5 strands tightly simultaneously in this orientation in the same 
pitch as shown in drawing 1 (a), (b), and (c) was common. However, since there is almost no opening between strands so 
that clearly from the cross-section configuration, these steel code is difficult for rubber to permeate to the interior of a 
code in the vulcanization process after tire molding, and a centrum will follow the interior and it will remain in it. For this 
reason, a problem which was mentioned above was produced. In order to solve this problem, excessive mold attachment 
which exceeds 100% to each strand is given, the steel code of the opening twist structure of the so-called Ixn which 
twisted these strands loosely is proposed, and they are making the cross section as shown in dramog 2 (a), (b), and (c). 
However, since it makes the rate with type more excessive and enlarges the degree of looseness in order that this structure 
may twist strands loosely and may secure rubber penetration, its amount of elongation at the time of a low load is large. 
For this reason, there is a fundamental problem that it is difficult to control in the uniform code of elongation in a steel 
code manufacturing process at the time of a low load. Furthermore, in a tire manufacturing process, at a calender process, 
applying predetermined tension (low load), it lengthens in parallel and the code of the number of many books is arranged, 
it sticks in the shape of a sheet, the rubber sheet containing a code is manufactured, putting a pressure for the upper and 
lower sides to a rubber compound using a roll, this calendered sheeting is judged at a fixed spacing after that, and bond 
foam is carried out so that it may become a bias. It is easy to produce the fault of a decision side becoming irregular, if 
this amount of contractions is large and variation is in the steel code [ 1 / 1 ] amount of contractions, since the tension 
which remains in the code is opened wide and a code is shrunken at the time of this decision, or the balance which rolls 
when the cut-out rubber sheet became the letter of unevenness, and bond doubling of a decision sheet becomes impossible 
correctly and becomes a radial-ply tire becoming bad, 

[0004] Furthermore, recently, a demand of lightweight-izing becomes strong from the mpg problem of an automobile to a 
tire, and lightweight-ization is demanded in response to this also from the steel code which is the reinforcing materials. 
Therefore, it is required that rubber permeability consists of a fewer number of strand books as mentioned above as a steel 
code in addition to a good thing, that it is easy to manufacture, and being the reinforcing materials which are easy to deal 
with it in a manufacture of a tire. However, if the diameter of a strand is enlarged that the code strong force should be held 
in order to lessen the number of strand books which constitutes a code, fatigue resistance will fall according to the wire- 
size effect. Therefore, since the increase in the diameter of a strand is lessened as much as possible, it can be said that it is 
desirable to make the strong force of a strand higher. Although what made the strand tensile strength:Z=-200d+365 
(kgf/mm2) (d is diameter:mm of a strand) to Z=-200d+385 (kgfi^mm2) grade as shown in drawin g! was conventionally 
put in practical use using the carbon steel wire rod which contains carbon 0.80 to 0.89% of the weight, this was not yet 
enough for implementation of lightweight-izing. 

[0005] Therefore, the strand of high intensity is still required to raise the effect of lightweight-izing. Although using the 
wire rod of the carbon content exceeding 0.89% as the technique of raising an intensity beyond the aforementioned 
domain is usually considered, the cost of a wire rod also goes up and there are problems, like heat treatment in a strand 
manufacturing process etc. is difficult. Therefore, although it is desirable to attain high intensity-ization without increasing 
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the carbon content of a wire rod, in a strand manufacturing process, it will have to come to take the higher degree of wire 
drawing, and the toughness of a strand will deteriorate. And at the former, there was no suitable criterion with good 
toughness. For this reason, it twisted, though the strand has been manufactured, open circuits occurred frequently at the 
line process, the fatigue resistance of a steel code will also deteriorate, a problem will occur [ it became impossible to 
produce a steel code practical, ] in respect of a life, and implementation of lightweight-izing was difficult also for the tire 
using this in practice. 
[0006] 

[Problem(s) to be Solved by the Invention] The place which it was inquired and originated in order that this invention 
might cancel the fault of the steel code of 1x3 structure of the conventional tightness twist and an opening twist, and is 
made into the purpose It has the stable rubber permeability and the elongation at the time of a low load is suppressed low, 
handling is easy, and also tends to carry out the manipulation at the time of a tire manufacture, moreover fatigue resistance 
and rigidity are also excellent with ultrahigh strength and good toughness, and it is in offering the steel code for rubber 
reinforcement effective for implementation of lightweight-izing of a tire. Moreover, the 2nd purpose of this invention 
rolls, its stability is good, a- life is long, and it is in offering the radial-ply tire in which suitable lightweight-izing is 
possible. 
[0007] 

[Means for Solving the Problem] In the steel code in which this invention comes to twist three strands in the same 
orientation and the same pitch simultaneously in order to attain the 1st above-mentioned purpose It is made from the 
carbon steel wire rod whose carbon content is 0.80 - 0.89 % of the weight, moreover each strand twists, and the tensile 
strength before doubling satisfies the following formula. And the strand which has the decreasing rate of torque in less 
than 7% of a domain in the ****-torque examination which gives an opposite direction twist is used after the 1 orientation 
twist. It considers as a configuration that ****** of one strand is in 95 - 100% of a domain, and the average of each 
****** of other two strands is in 120 - 145% of a domain. 
Z>=-200d+400[Z:tensile strength (kgf/mm2) and d:diameter (mm)] 

The average of each ****** of two strands uses the thing in 127 - 145% of a domain more suitably. 

[0008] Moreover, in order to attain the 2nd purpose, this invention is considered as the configuration which used the 

aforementioned steel code as reinforcing materials of the belt section. 

[0009] 

[Function] In the claim 1 of this invention, the rate of mold attachment of one strand is made small among three strands 
twisted in the same orientation and the same pitch with the domain of 100% or less, i.e., 95 - 100%, and the average of 
each rate of mold attachment of other two strands is made excessive with 120 - 145%, For this reason, when the strand of 
one parvus of the rate of mold attachment suppresses the low load elongation of a code and tension is applied to a steel 
code in the time of vulcanization etc., the opening between the strands formed by excessive mold attachment can be 
secured. Moreover, since the greatest rate of averaged type attachment of two strands is made into 145% and the lower 
limit of the rate of mold attachment of one strand is made into 95%, it twists, and the balance of a lump length becomes 
good and can prevent a fall of the breaking load of a code certainly. 

[0010] And since three strands which constitute a steel code are made using the carbon steel wire rod whose carbon 
content is 0.80 - 0.89 % of the weight, increase of a manufacturing cost is not brought in respect of this. Moreover, since 
tensile strength has the high intensity of Z>=-200d+400kgf7mm2, the good reinforcement effect is realizable with the few 
number of books. In addition, about the upper limit of the on-the-strength level of a wire, it is possible from a carbon 
content to about [ -200d+430kgf^mm2 ]. And although there were no suitable appraisal method and suitable scale about 
toughness at the former, in this invention, on the other hand, the torsion test by Mukai torsion + opposite direction torsion 
is adopted as a means of quality decision, and what is in 0 - 7% of a domain about a torque decreasing rate in the ****- 
torque curve in this examination is made good [ toughness ]. For this reason, ultrahigh strength and toughness are 
combined, and twist luminous efficacy is good and fatigue resistance also serves as a good strand, and by considering as 
1x3 structure by the above rates of predetermined type attachment using this, while [ lightweight ] having excelled in high 
intensity, high toughness, and fatigue resistance in addition to the aforementioned operation of a claim 1, it can consider 
g stggi code. 

[001 1] While the toughness quality judging method of this invention applies tension in the orientation of a strand axis 
. lightly as a predetermined grip spacing, number-of-times torsion of predetermined is stopped at a fixed speed, rotation is 
once stopped in the fixed orientation (for example, clockwise rotation) here, and a ****-torque curve until it twists again 
to an opposite direction (for example, counterclockwise rotation) after that and a strand fractures is taken. Having adopted 
a such according to **-opposite direction torsion method on the other hand ****-torque examination is based on the 
following grounds. That is, when it twists to ** on the other hand as shown in drawing 7 (a), and a ****-torque curve is 
measured, what draws the norma! curve from which torque serves as an upward slant to the right continuously, and results 
in fracture, and the thing which a torque fall produces while resulting in fracture appear. However, when this was 
intertwisted, actually using the strand as which a torque fall is not regarded by this examination and the steel code was 
made, the open circuit occurred and much what have an inadequate lassitude property appeared. 
[0012] Therefore, in the torque decrement decision by this examination, distinction of toughness propriety is inadequate 
and inaccurate. Then, about the strand of the masses which differ in a diameter or the quality of the material, on the other 
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hand, this invention person twisted to the **-opposite direction, as shown in drawin g 7 (b), and he surveyed and looked at 
the torque fall in the ****-torque process of the opposite direction. Consequently, the intensity also understood in itself 
the strand which is in such a domain whose torque decreasing rate is 0 - 7% in a **-opposite direction **** torque 
examination on the other hand that it is high, and toughness is also good, and there are also few falls of the fracture force 
also in a steel code manufacturing process, and fatigue resistance is also good. On the other hand, toughness had 
deteriorated clearly and the strand which 8% or more of the torque fall produced in the opposite direction torsion process 
of that in which poor torque does not appear in a Mukai torsion process on the other hand still had the inadequate 
improvement of a fatigability. And there was occurrence of an open circuit also in a steel code manufacturing process, and 
moreover it twisted, and the intensity of a strand was not fully demonstrated and the fatigue-resistant improvement of the 
steel code which luminous efficacy is bad and was obtained was not enough, either. 

[0013] In addition, when the aforementioned torque decreasing rate ♦*! sets torque value of the torsion elastic limit in the 
first 1 orientation twist, i.e., the upper limit for the upward-slant-to-the-right bay in drawing, to T in the ****-torque curve 
of drawin g 7 (b) and pull up torque of the fall section in opposite direction torsion is set to t, torque decreasing rate **T is 
expressed with the following formula. However, it is referred to as t=T when there is no torque fall. 
**T=[(T-lt| )/T]xlOO (%) 

Only the steel wire which the fault which this torque decreasing rate **T described above at 8% or more arises, therefore 
torque decreasing rate **T=7% is generally ****** of a torque unusual fall, and shows less than 7% of a property is 
caught as toughness being normal. 

[0014] this invention is explained in detail below based on an accompanying drawying. The d rawin g 4 or the drawing_5 
shows typically an example of the steel code for rubber reinforcement by this invention. Wa, Wb, and Wb are strands, 
respectively and each [ these ] strand has 1x3 structure which is the identity twist orientation and was simultaneously 
twisted in the identity twist pitch. In this example, each strand consists of a diameter of the same in the domain with a 
diameter of about 0.20-0.40mm. However, not among the thing limited to this but among three strands, one or more may 
differ in the diameter relatively [ strands / other ], and this is also contained in this invention. Any of the orientation of S 
and a Z direction are sufficient as the twist orientation, and, as for a.twist pitch, it is usually desirable to consider as 60 
40d -d (for d to be diameter of strand) grade. ****** of one strand Wa is 100% or less among three aforementioned 
strands Wa, Wb, and Wb. That is, rate X of mold attachment serves as 95 - 100% of the domain. On the other hand, as for 
other two strands Wb and Wb, the rate of mold attachment is large 120 - 145% in the average Y. 
[0015] The above-mentioned "rates of type attachment" is H when measuring crest height H of a strand, as a steel code is 
solved and it is shown in drawing 6 , and setting a code diameter (circumscribed circle diameter) to D / DxlOO (%), and 
when "the rate of averaged type attachment" is made into each ****** bl and b2 of two strands Wb and Wb (bl+b2), it 
is 12. Here, the rate of mold attachment was limited for realizing rubber permeability and low load elongation with a 
sufficient balance. If the ground for limitation is explained, about one strand Wa, if the rate of mold attachment is less 
than 95%, it will become bad in the balance of the length with other two strands Wb and Wb, and the breaking load of a 
code will fall. However, if it is a rate of mold attachment exceeding 100%, low load elongation will become large and the 
same fault as the conventional open steel code will arise. On the other hand, since rubber permeability will become 
extremely bad about other two strands Wb and Wb if an average of the rate of mold attachment is less than 120%, a lower 
limit is 127% more suitably than 120%. However, if 145% is exceeded, it twists as the one above mentioned strand Wa, 
and the balance of a lump length becomes bad, the breaking load of a code will fall or the elongation at the time of a low 
load will become large. Then, an upper limit is limited to 145%. By such convention of code structure and the rate of 
mold attachment, the elongation of the steel code during the time of low load addition, i.e., the load of 0.30kgves to 
1.63kgves, can be suppressed low about 0.135 to 0.160%. For this reason, even if tension is applied to a steel code at the 
vulcanization process at the time of tire molding, the opening between code strands is secured exactly, and stable rubber 
permeability can be realized. Moreover, the good tire of the balance of the dimensional accuracy stabilized also in tire 
structure is obtained. 

[0016] The drawing 5 (a) or (e) shows typically the cross-section configuration in each position ** or ** which 
quadrisected a part for one pitch of the above mentioned steel code. Although it becomes a compact cross-section 
configuration which is shown in drawing 1 when three strands are twisted simultaneously simply Since the rate of mold 
attachment of one strand Wa is [ the average of the rate of mold attachment of other two strands Wb and Wb ] 120 - 145% 
of a domain at 95 - 100% in this invention. One strand Wa cannot be projected from the circumscribed circle of compact 
type code diameter D to radial, but other two strands Wb and Wb are twisted loosely, projecting from the circumscribed 
circle of code diameter D to the method of outside. Therefore, the synizesis profile fraction which adjoined and had three 
strands Wa, Wb, and Wb also in which cross-section position does not arise, but opening s is surely formed in one or 
more places. And since two strands Wb and Wb have given mold attachment which exceeds 100%> greatly beforehand, the 
fraction each other estranged also in a code longitudinal direction arises, and the creation of the opening s is carried out by 
this. Therefore, adhesion area with rubber can be enlarged so that rubber may die well and may include the surroundings 
of each of a strand Wa and the strands Wb and Wb. 

[0017] The carbon steel wire rod whose amount of C is 0.80 - 0.89 % of the weight is used for the strands Wa, Wb, and 
Wb which constitute the aforementioned steel code, the wire drawing of this is carried out to the diameter of the 
predetermined interval, after giving heat treatment and plating / plating difftision, a dry wire drawing is performed, and 
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what performs a wet drawing and was subsequently obtained to the purpose wire size is suitable. Even if the suitable last 
drawing condition which is mentioned later is used for having made the lower limit of the carbon content of a carbon steel 
wire rod into 0.80% with the carbon content which is less than this, tensile strength is because Z>=-200d+400 (kgf/mm2) 
is not obtained. The upper limit was made into 0.89% because there were problems, like a cost becomes high in the 
carbon content exceeding this. As concrete chemical-constituent composition, although it consists of remainder iron and 
an unescapable impurity C:0.80 - 0.89%, Si:0. 15-0.35%, and Mn:0.3-0.9%, they may be carrying out specified quantity 
addition at the aforementioned fundamental-component composition, using Cr, nickel, etc. as an alloy element. 
[00 1 8] And strands Wa, Wb, and Wb must be equipped with good toughness even if tensile strength is Y>=-200d+400 
(kgfi^mm2). As mentioned above, if the toughness, on the other hand, also twists the thing without occurrence of a torque 
fall again to an opposite direction by twist of only ** in a ****-torque examination, some to which a fall of torque 
happens also have it, and it cannot be said that toughness is good about this, but fracture occurs at a twist line process, it is 
large, and is not enough. [ of fatigue resistance ] [ of the on-the-strength fall by twist manipulation ] Then, only what has 
the decreasing rate of torque in less than 7% of a domain in the twisting-torque examination which gave the 1 orientation 
twist of the number of times of predetermined and the subsequent opposite direction twist is made good [ toughness ]. By 
adopting such a toughness criterion, it can consider as the strand which combined the outstanding intensity and toughness, 
and can consider as an ideal steel code which it is lightweight, and rubber permeability is good, and handling nature is 
also good, and is called a low cost according to .the synergistic effect of the above mentioned code structure and the above 
mentioned rate of mold attachment. 

[00 1 9] The above toughness is good and explains how to manufacture the strand of ultrahigh strength. As for the 
aforementioned carbon steel wire rod, that whose diameter is 4.0-5. 5mm is used. Like [ usual ], a pickling and coating are 
performed, and the continuity dry wire drawing of this is carried out, for example, intermediate-cable material with a 
diameter of about 1.2-2.3mm is obtained. Patenting heat treatment is performed in this phase if needed. After heating and 
austenitizing this at 900-960 degrees C in heating furnaces, such as for example, a gas direct-fired system, it is heated at 
about 480-560 degrees C all over the patenting kiln cooled from heating flow sand or melting lead, and is taken as the 
uniform fine-pearlite organization which does not include different organizations, such as a bainite texture. As for the 
intensity of the line at this time, it is desirable to carry out to about [ 128 to 135 kgf/mm ] two. Subsequently, the 
electrolytic pickling of this line is carried out within a plating pretreatment tub, and it removes a surface oxide film. And 
next an electroplating bath lets it pass, and copper plating of the specified quantity and galvanization are performed one 
by one, and turn into two-layer plating. Next, it lets this line pass in the diffusion furnace using heating flow sand, or on it, 
it energizes directly on a line, and heats, the copper and zinc of plating are diffused mutually, and it is made a brass. Then, 
it is cooled and the last feed line is obtained. Since subsequent wire-drawing nature will become bad if there are many 
beta brasss although predetermined time heating is performed at about about 600 degrees C in this difftision process, it is 
desirable to choose heating temperature whose alpha brass increases as much as possible within limits to which tensile 
strength of a line is not reduced, and time. 

[0020] And the continuity wet drawing of the aforementioned last feed line is carried out, and the diameter of the purpose, 
for example, the 0.20-0.40mm strand with plating, is obtained. In this wet drawing, in order that [ being above ] the torque 
decreasing rate in a **-opposite direction twist examination may, on the other hand, obtain the strand of less than 7% of 
ultrahigh strength, it is suitable to adopt the following conditions. 

** As a die for drawing, 8-10 degrees and a bearing length use [ the degree (2alpha) of approach angle ] 0.3d of the things 
of 1 (dl= drawing aperture). 

** Use the double die which connected the die of two sheets in series in the last drawing, and perform the skin pass which 
made the drawing reduction of area in an outlet side die 1.2 - 3.9%. 

** the die for drawing to use nib ****** - at least - two sheets and it of a double die ~ the thing of about 1-5 upstream 

things " a sintered diamond - use nib the alloy of the former [ others ] - you may use nib 

** Control so that the temperature of the strand immediately after the last drawing die transit becomes below 150 

degreeC. 

[002 1 ] If these conditions are explained in detail, drawin g 8 shows the die for drawing (the double die for the last 
drawings mentioned later is included) used for a wet-drawing process, 1 is the die which contained nib 2, and, as for nib 2, 
angle 2alpha of the approach section 20 has become 8-10 degrees, and 0.3d of length 1 of the bearing section 21 has 
become 1. Although 12 degrees is generally conventionally adopted from the drawing force becoming the lowest as for an 
approach angle, since it is important that surface residual stress also becomes low in response to the manipulation with 
uniform strand front face and interior rather rather than this, this invention makes an approach angle 8-10 degrees, and this 
has the effect which raises a wire-drawing limitation while it enlarges the degree of work hardening with the 
aforementioned degree of approach angle simultaneously. In order for the amount of C to take out ultrahigh strength with 
material 0.80 to 0.89%, making the degree of work hardening high must make a workability high, and it is because a 
working limit is exceeded if it remains as it is, and it is made into the aforementioned degree of approach angle there, 
raises a working limit, moreover makes high the degree of work hardening for every one pass, and stops the total 
workability low relatively. However, since drawing resistance of a feed line will become high too much if an approach 
angle becomes smaller than 8 degrees, it is improper. Moreover, since having specified bearing length 1 of a die draws out 
about [ of common use / 0.5d ] by one and resistance becomes large, generation of heat becomes remarkable. Then, it 
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draws out by making the touch area with a feed line small, the force is reduced, and generation of heat of a feed line is 

suppressed. . i c 

[0022] Drawin g 9 shows the double die 3 for the last drawings (finishing die), approaches casmg 4 and 4 in normal die 5a 
and die 5b for skin passes, respectively, arranges it in the shape of a serial, and enables it to divide a predetermined 
reduction of area into two. The nib 2a and 2b of the aforementioned normal die 5a and die 5b for skin passes is made from 
a sintered diamond, respectively, and serves as the above mentioned approach angle and the above mentioned bearing 
length, above -- the die for drawing of the nib 2a and 2b of two sheets of the double die 3, and the upstream of this -- 
including -- the thing of about four sheets -- a sintered diamond - the ground using nib is that the 1st sintered diamond 
becomes smooth compared with an alloy die, and surface granularity and the front face of the strand which could make the 
drawing force low since it was very smooth, and was drawn out have an effect also in fatigue-resistant enhancement Since 
a sintered diamond is [ 2nd ] very hard, there is almost no wear by continuity drawing, and it is because increase of the 
diameter of a die by wear and change of the reduction of area by this can be prevented, a sintered diamond -- although the 
price of itself is quite high, the breadth of the aperture by drawing hardly happens, but the life of nib is also very long, and 
since it can reduce the time and time of die exchange, and a production stop time, it becomes synthetically cheap 
[0023] Next, as a die for the last drawing, using a double die, a skin-pass wire drawing is performed for stopping low the 
temperature of the feed line immediately after finishing die transit, while the residual stress of the tension on the front face 
of a feed line accumulated in a wire drawing is eased. Having made the drawing reduction of area by die 5b for skin 
passes into 1.2 - 3.9% of the domain has too few amounts of manipulations at 1.1% or less, it has few relief operations of 
residual stress, and is because there are few relief operations of residual stress even if it passes size not much with 4.0% or 
more. And the ** sake which combines with adoption of a skin pass and prevents the embrittlement of the strand by aging 
controls the temperature of the strand immediately after the last die transit by temperature measurement with a thermal- 
flux formula thermometry vessel below to 150 degreeC. What is necessary is to form a circulating pump and a chiller out 
of the tub of a wet-drawing machine, to consider as the circulatory system which extracts circulation liquid compulsorily 
from a tub, cools this, and is returned to a tub, and just to adjust the capacity of a chiller so that continuity temperature 
measurement of the lubricant may be carried out and the degree of lubricous solution temperature may be kept at 35 
degrees C or less for example, during operation with a thermometry vessel in order to stop strand temperature low. The 
strand of ultrahigh strength and good toughness can be obtained by the wet drawing in the above conditions. 
[0024] 

[Example] Next, the example of this invention is explained. 

Three sorts of carbon steel wire rods as follows were used as a [example 1] raw material. All of a component are weight 
ratios and the remainders are iron and an unescapable impurity. 

** C:0.82, Si:0.20, and Mn: ~ 0.51**C:0.84, Si:0.21, and Mn: ~ 0.53**C:0.87, Si:0.23, and Mn:0.50 - the continuity dry 
wire drawing of these wire rods was carried out, and they were processed to the predetermined diameter of the interval 
Furthermore, after heat-treating this so that it may become a fine-pearlite organization, in order to carry out vulcanization 
adhesion with rubber, it considered as the last raw material with the brass* plating of predetermined composition. The wet 
drawing of this raw material was carried out, the ultrahigh strength strand with a diameter of 0.28mm was manufactured, 
and the steel code of 1x3 (twist orientation:S, twist pitch:16mm) structure was manufactured after that using the buncher 
formula twist line machine. 

[0025] Some kinds of conditions were changed in this wet drawing, the strand was manufactured, it considered as the 
examples 1-6 and the examples 1-4 of a comparison, respectively, and 1x3 loose opening (twist orientation:S, 
pitch: 16mm) structure manufactured by the further conventional high intensity material was made into the conventional 
example 1. Moreover, similarly the steel code of 1x3 structure was manufactured using the above-mentioned high 
intensity strand, and it considered as the example 5 of a comparison. The property of these conditions and strands, and a 
code is shown in Table 1 and Table 2. 

[0026] The strand with a diameter of 0.32mm was made, using the carbon steel wire rod of** of an example 1 as a 
[example 2] raw material, and, similarly the steel code examples 7 and 8 and the examples 6-8 of a comparison of 1x3 
structure (twist orientation: S, pitch: 1 8mm) were manufactured using this. Moreover, the open code (the conventional 
example 2) of 1x3 structure was created using the conventional high intensity strand. The property of these conditions and 
strands, and a code is shown in Table 3. Moreover, the result which measured the relation between the rate of mold 
attachment of a strand and rubber permeability is shown in drawing 1 1 . According to drawing 1 1 , it is hardly dependent 

****** Qf Qj^g strand, and depends for rubber permeability on the rate with an averaged type of other two strands 
greatly. That is, the rate with an averaged type of two strands serves as a rubber permeability good region at 120% or 
more, and the rate with an averaged type of the above becomes a still good field at 127% or more. 
[0027] in addition, Table 1 or 3 - setting ~ '*a ****-torque examination" - drawing 10 - like - grip spacing L of the grip 
implement 6 of a fixed side, and the grip implement 7 of a movable side - 300d (d -- a strand diameter -) holding 
straight-line-like strand W, hanging fixed weight to a fixed side, and applying tension lightly as mm) The grip implement 
7 of a movable side is rotated at the rate of 30rpm by the motor 9. on the other hand, to ** a strand After 10 rotation 
****** j^igt is performed at the aforementioned twist speed until it once stops rotation and a strand fractures to 
an opposite direction ftirther. It is what took and judged the ****-torque curve, as for O of "being a **-opposite direction 
twist examination on the other hand", torque decreasing rate **T points out 0 - 7% of a thing (fitness), and, as for x, a 
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torque decreasing rate shows 8% or more of a thing (failure). "Twist luminous efficacy" is the value which ♦♦ed by the set 
intensity of a strand before twisting the actual intensity of a code, and applied 100. A "bending rigidity exponent gives 
bending of a fixed angle about a code sample with a length of 70mm, asks for the size of the bending moment which this 
takes set the conventional example to 100 about each table, and expressed it with the exponent. "The fatigue-resistant 
exponent" was the result of judging the number of repeats until stretch and pass the band-like sample which vulcanized the 
steel code in rubber to three rolls of the fixed diameter arranged alternately under 10% of the load of a code breaking 
load it makes right and left repeat, go and come back to this roll, it gives bending repeatedly to a sample and a code 
fracmres set the conventional example to 100 about each table, and expressed it with the exponent. After "rubber 
permeability" vulcanized in rubber the code made into the shape of a straight line under the tension of Ikgf and produced 
the sample it decomposed this code by the longitudinal direction, observed the penetrance of rubber visually, and judged 
as 100% what is completely covered with rubber to the code core. In 0 of "twist ****", problem nothing and ♦* show 
open-circuit ****, and x shows open-circuit frequent occurrence. 
[0028] 











§|1%«!I4 






















mn •■ ^mm 


D.B2 


0.82 


0.84 


0.84 


0.87 


D.87 


5l?fi?i2f (kgf/inra') 


3S8 


360 


363 


0 C C 


0 1; 0 






O 


o 


0 


o 


o 


o 




@- 


@ 


. @ 




® 


@ 






1x3 


1x3 


1 X 3 


1 X 3 


1x3 


1 X 3 


(.%) 


1* (X) 


SS.4 


ss.o 


9B.7 


ge.3 


99.5 


95.5 


flfi©2:$:©¥i*l (Y) 


133.0 


137.5 


142. S 


123. 1 


123.4 


140. B 




1 (kgf) 


S3.1 


B3.2 


63. 4 


B4.1 


64.5 


65. ♦ 


mo^m (%) 


95.5 


95.1 


94.6 


95. -1 


94. B 


95.5 


^^m^(Dwn (%) 


0.129 , 


O.UE 


0.158 


o.ne 


Q.140 


0.155 


ifAsatt (%) 


90 


90 


95 


70 


S5 


90 




119 


1Z2 


123 


12D 


125 


120 




102 


102 


101 


102 


102 


ioi 


mm 




rzfa-^'^S. {la) 


8 


10 


B 


10 


ID 


10 




D.3d, 


D.3di 


D.3di 




0. 3di 


0.3di 




■SX^S^ (%) 


2.0 


2.5 


1.5 


2J 


2.5 


3; 5 




140 


138 


142 


138 


139 


139 




4 


4 


4 


4 


4 


6 



[0029] 
[Table 2] 
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[Table 3] 
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[0031] The example 1 or the example 8 has good rubber permeability, and is low again so that clearly from above- 
mentioned Table 1 or 3 and the drawing 1 1 . [ of the elongation at the time of a low load ] This is because it fitted m the 
optimum domain by which could secure the opening between strands and the opening was stabilized by being a proper 
rate of mold attachment, in order that the strand of one parvus of the rate of mold attachment may suppress the elongation 
of a code low, even if tension is applied to a code according to code structure. And twist luminous efficacy, a fatigability, 
and the rigidity of the example 1 or the example 8 are also good. By having manufactured the strand in a steel code on 
specific wet-drawing conditions, this is because it has ultrahigh strength and good toughness. On the other hand, since the 
example 1 of a comparison and the example 2 of a comparison run short of the rates of averaged type attachment of two 
strands its rubber permeability is bad. Moreover, since the example 2 of a comparison and the example 3 of a comparison 
have unsuitable wet-drawing conditions, its twist **** is bad, and they are inferior in twist luminous efficacy or fatigue 
resistance The example 4 of a comparison has the too high rate of averaged type attachment of two strands, and is large in 
a code breaking load becoming low at the time of a low load. [ of elongation ] Since the example 5 of a comparison is the 
conventional high intensity material, its intensity is low and it is [ intensity ] inferior also in fatigue resistance. Since the 
example 6 of a comparison and the example 7 of a comparison run short of the rates of mold attachment of one strand, the 
breaking load of a code is low. Since the conventional example 1 and the conventional example 2 are high intensity 
material, they are inferior in an intensity or fatigue resistance compared with each example, and also have a fault with the 
large elongation at the time of a low load. 

[0032] o- u ■ u- u 

[Effect of the Invention] When based on the claims 1 and 2 of this invention explained above Since the opening whicn 
was trustworthy and was stabilized between strands can be formed, rubber permeability is stable. Moreover, since the 
strand which the handling at the time of compound work with rubber is easy since there is also little elongation at the time 
of a low load, and moreover constitutes a steel code has the property of ultrahigh strength quantity toughness, A fall of the 
intensity of a code can secure few high on-the-strength luminous efficacy, and the outstanding effect that fatigue resistance 
and rigidity are also good and a reinforcement performance can iiilly be demonstrated in addition to the aforementioned 
effect by this is acquired. According to the claim 3, it rolls and the outstanding effect that a stability is good and a life can 
offer a long lightweight tire is acquired. 



[Translation done.] 
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